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Subtotal resection has been the preferred surgical treat-
ment for benign thyroid diseases for many decades. This
technique was established based on the assumption that
the risk of vocal cord paralysis or postoperative hypopara-
thyroidism is reduced when the posterior part of the gland
remains. However, this operation was associated with high
goiter recurrence rates of up to 40% in the past,1,2 so that
thyroidectomy for nodular goiter with bilateral nodular
changes has recently gained widespread acceptance,
particularly in specialized centers.3 If only one side is
affected, recommendations now favor hemithyroidectomy
over subtotal resections in order to avoid the increased risk
of ipsilateral reoperation in a second session if thyroidec-
tomy is indicated after final histological workup for
adequate oncological treatment.4
In the surgical treatment of hyperthyroid goiter, thy-
roidectomy is recommended for disseminated autonomy
and hemithyroidectomy for solitary nodules.5 Thyroidec-
tomy is also recommended for Graves’ disease to avoid
recurrence and because it may have a positive influence on
endocrine orbitopathy if this is present.6 The recommen-
dation favoring total thyroidectomy over subtotal resection
is based on few prospective randomized trials7e9 and
numerous retrospective single-center analyses with small
numbers of patients. The focus in these reports was
directed to incidences of recurrent goiter.
In this retrospective assessment of our patients with
benign thyroid diseases, we therefore aimed to analyze the
change in surgical practice at our hospital from subtotal
resection to hemithyroidectomy or thyroidectomy over a
period of 17 years. The study focused on the following
outcome parameters: incidence of recurrent laryngeal
nerve damage in the postoperative laryngoscopy depending
on subtotal versus total resection for the nerve at risk,
surgical complications and hypoparathyroidism depending
on unilateral versus bilateral operation, and rate of reop-
erations for thyroid cancer.
2. Patients and methods
Patients undergoing thyroid resection at our hospital were
documented prospectively since 1996 in a custom-made
database. All patients who were preoperatively diagnosed
with benign nodular goiter were identified in this database.
Patients with cancerous nodules after histological workup
who were diagnosed preoperatively only as suspicious were
also documented. Patients with preoperatively confirmed
thyroid cancer were excluded. This was followed by a reviewKunz-Zurbuchen U, et al., Influe
r experience in 1400 patients,of all records from the patient file archive, including surgical
protocols, medical reports, laryngoscopy findings, laboratory
values, pathology reports, and preoperative findings.
Year of surgery, indication for surgery, and type of
operation were documented in addition to age and sex.
Furthermore, we recorded the number of unilateral or
bilateral treatments. Owing to the heterogeneity of thyroid
operations, the following operations were grouped together
in the analysis as unilateral subtotal resections: unilateral
enucleation, nodule excision, isthmus resection toward one
side, subtotal lobectomy leaving 1e4 mL of residual pa-
renchyma, and near-total resection on one side leaving
<1 mL of residual parenchyma. Bilateral subtotal re-
sections were defined as parenchyma-sparing interventions
in both thyroid lobes, Dunhill operation (unilateral hemi-
thyroidectomy with contralateral parenchyma-sparing
resection). Patients undergoing hemithyroidectomy and
thyroidectomy were grouped separately. Figure 1 describes
the extent of all surgical resections. Simultaneous para-
thyroid surgery for hyperparathyroidism was also docu-
mented if performed. The recurrent laryngeal nerve and
parathyroid glands were routinely visualized during surgery
at our hospital. Intraoperative neuromonitoring was not
performed. We also recorded if the surgery was performed
by an experienced surgeon (senior consultant/consultant)
or by an assistant physician.
Vocal fold function was assessed by laryngoscopy in all
patients preoperatively and also on the 2nd or 3rd post-
operative day. Functional analysis distinguished between
reduced mobility and paralysis. Serum calcium levels were
checked in all patients on the 2nd or 3rd postoperative day.
Therefore, it was possible to identify not only patients with
symptomatic hypocalcemia (low serum calcium and clinical
symptoms), but also those with symptoms of hypocalcemia
and normal serum calcium as well as those with low serum
calcium and no clinical symptoms. All postoperative com-
plications, such as bleeding, hematoma, and wound in-
fections, were likewise documented. Patients who were
readmitted with wound infections were also recorded. The
ClavieneDindo classification was used to grade the severity
of postoperative complications.10
A sequential analysis of the patient population was
carried out to critically assess the change in surgical prac-
tice over time. For this purpose, the total patient popula-
tion was divided into two groups: Group 1 with surgery from
1996 to 2002 and Group 2 with surgery from 2003 to 2012.
These periods were chosen because surgical practice
changed clearly from subtotal resections to lobectomies
over the study period, and more than 50% of all operations
were thyroidectomies for the first time in 2003, which is the
reason for choosing this point to separate Groups 1 and 2.nce of change in surgical practice for benign thyroid disease on
Asian Journal of Surgery (2016), http://dx.doi.org/10.1016/
Figure 1 Schematic representation of all surgical procedures. (A, C) Unilateral procedure. (B, D, E) Bilateral operations. Note
that (A) and (B) are subtotal resections and (C) and (D) are lobectomies. In (D), in one side a subtotal resection was performed, and
on the other side a lobectomy was performed.
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vocal cord mobility and vocal cord paralysis for the nerves
at risk (NAR) depending on subtotal versus total resection.
For surgical complications and hypoparathyroidism, we
analyzed our data depending on subtotal versus total
resection.
2.1. Statistical analysis
Statistical analysis was conducted with SPSS (version 21;
IBM, Armonk, NY, USA). The significance of nonnormally
distributed independent random samples was determined
using the ManneWhitney U test. Differences were assumed
to be significant for p < 0.05 (two-sided).
3. Results
3.1. Patient population
Benign goiter was surgically treated in 1466 patients at
our hospital between January 1996 and December 2012.
Four patients who did not undergo postoperative laryn-
goscopy were excluded from further analysis. Post-
operative histology analysis revealed thyroid cancer in
193 patients. Primary surgery for benign goiter was per-
formed in 1219 patients. Fifty patients had surgery for
recurrent goiter (Figure 2). For the 1219 patients withFigure 2 Patien
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49 years (range, 11e90 years). The sex ratio was 1:2.3
(male/female). The indications for surgery were the size
of the goiter with local symptoms in 422 patients, pre-
operative suspicious nodules in 335 patients, hyperthy-
roidism in 345 patients, and Grave’s disease in 117
patients. Among the 1462 included patients, 1403 pa-
tients (95.9%) were operated on by experienced surgeons,
and only 4.1% by assistant physicians. Table 1 lists the
complications in the total patient population with benign
goiter. In 1219 surgically treated patients, recurrent
laryngeal nerves were at risk (NAR) because of uni- or
bilateral interventions for a total of 2040 times (i.e., 857
through subtotal resections and 1183 lobectomies). There
were 398 patients who underwent a unilateral procedure
and 821 patients who were operated on bilaterally.
Seventy-six patients developed hypoparathyroidism after
a unilateral resection, whereas 137 patients did so after a
bilateral procedure. There was no statistical significant
difference between unilateral and bilateral procedures
for hypoparathyroidism (ManneWhitney U test,
p Z 0.299).
Thirty-five of 1219 patients with benign goiter underwent
thyroid resection and simultaneous extirpation of a para-
thyroid adenoma for primary hyperparathyroidism. Fourteen
patients were submitted to subtotal parathyroidectomy for
secondary or tertiary hyperparathyroidism.
Figure 3 shows all operations over time.t population.
nce of change in surgical practice for benign thyroid disease on
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Table 1 Complications in patients with benign goiter in
1996e2012.
Recurrent laryngeal nerve damage N % NAR
Reduced vocal cord mobility, all
lobes
44 2.3
Lobectomies 32 2.7
Subtotal lobectomies 12 1.4
Vocal cord paralysis, all lobes 49 2.4
Lobectomies 28 2.4
Subtotal lobectomies 21 2.5
Surgical complications N % of all
patients
Postoperative bleeding (Clavien
eDindo IIIb)
20 1.6
Hematoma (ClavieneDindo I) 8 0.7
Wound infection with surg.
intervention (ClavieneDindo IIIb)
3 0.1
Wound infection without
intervention (ClavieneDindo I)
10 0.8
Hypoparathyroidism N % of all
patients
No symptoms, reduced serum
calcium
49 4.0
Symptoms, normal serum calcium 43 3.5
Symptoms, reduced serum calcium 121 9.9
Total 213 17.5
NAR Z nerves at risk.
Table 2 Sequential analysisdbenign goiter for the
recurrent laryngeal nerve damage.
Group 1
(1996e2002)
Group 2
(2003e2012)
p
N 639 580
All operated lobes 1056 984
Lobectomies 451
(42.7%)
732
(74.4%)
0.801
Subtotal lobectomies 605
(57.3%)
252
(25.6%)
0.864
Recurrent laryngeal
nerve damage
% NAR
Reduced vocal cord
mobility, all lobes
2.4 1.9 0.675
Lobectomies 3.1 2.5 0.895
Subtotal
lobectomies
1.8 0.39 0.341
Vocal cord paralysis,
all lobes
2.9 1.8 0.746
Lobectomies 3.5 1.8 0.638
Subtotal
lobectomies
2.5 2.0 0.891
NAR Z nerves at risk.
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A total of 639 patients underwent operation in Group 1
(1996e2002) with 451 (42.7%) lobectomies and 605 (57.3%)
subtotal lobectomies. Meanwhile, 580 patients underwent
732 (74.4%) lobectomies and 252 (25.6%) subtotal lobec-
tomies in Group 2 (2003e2013). Table 2 shows the rate of
the recurrent laryngeal nerve damage for the NARFigure 3 Operat
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j.asjsur.2016.07.015distinguished into lobectomies and subtotal lobectomies.
There were no statistical significant differences between
the two groups. Postoperative laryngoscopy revealed a
trend to fewer cases of reduced vocal cord mobility (1.9%)
and paralysis (1.8%) in Group 2 when compared to Group 1
(2.4% and 2.9%), even though total lobectomies were per-
formed in 74.4% of all cases in Group 1. This difference in
reduced vocal cord mobility and paralysis between the
periods, however, was not statistically different. The rate
of recurrent laryngeal nerve injury was lower after 2003
regardless of whether subtotal or total resections were
performed. To evaluate the surgical complications and theions over time.
nce of change in surgical practice for benign thyroid disease on
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Table 3 Sequential analysisdbenign goiter for the surgical complications and hypoparathyroidism.
Unilateral Bilateral
Group 1
(1996e2002)
Group 2
(2003e2012)
p Group 1
(1996e2002)
Group 2
(2003e2012)
p
Surgical complications
Postoperative bleeding
(ClavieneDindo IIIb)
1 (0.45) 3 (1.70) 0.213 10 (2.39) 6 (1.48) 0.202
Hematoma (ClavieneDindo I) 2 (0.90) 0 0.207 5 (1.19) 1 (0.24) 0.115
Wound infection with surg.
Intervention (ClavieneDindo IIIb)
1 (0.45) 0 0.373 1 (0.23) 3 (0.74) 0.283
Wound infection without
intervention (ClavieneDindo I)
2 (0.90) 1 (0.68) 0.703 6 (1.43) 0 0.001
Hypoparathyroidism
Total 38 (17.11) 38 (21.59) 0.260 57 (13.66) 80 (19.80) 0.037
Data are presented as n (%).
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for unilateral and bilateral surgical treatments. Table 3
shows the results for the sequential analysis. Compared
with Group 2 with statistically significant difference, six
wound infections ClavieneDindo I occurred using bilateral
surgical treatment (p Z 0.001). The rate of hypoparathy-
roidism was statistically significant higher (19.80% vs.
13.66%) in Group 2 where bilateral procedures (p Z 0.037)
occurred. For the other complications, there were no dif-
ferences between both groups.
3.3. Recurrent goiter
Between 1996 and 2002, 35 thyroid lobe resections were
performed in 22 patients with recurrent goiter after pre-
vious surgery in the past (Table 4). From 2003 to 2012, 42
lobes were resected in 28 patients. The rate of lobectomies
was higher in Group 2 than in Group 1 (90.0% vs. 42.9%,
p Z 0.004). Group 1 had no pathological findings at post-
operative laryngoscopy. The four abnormal laryngoscopy
findings in Group 2 involved the ipsilaterally reoperatedTable 4 Sequential analysisdrecurrent goiter.
Group 1
(1996e2002)
Group 2
(2003e2012)
p
N 22 28
All operated lobes 35 42
Lobectomies 15 (42.9%) 34 (90.0%) 0.004
Subtotal lobectomies 20 (57.1%) 8 (19.0%) 0.002
Recurrent laryngeal
nerve damage
% NAR
Reduced vocal cord
mobility, all lobes
0 2.4 0.375
Vocal cord
paralysis, all lobes
0 7.1 0.025
Hypoparathyroidism % of
patients
Total 27.3 25.0 0.857
The overall rate is given for postoperative hypocalcemia.
NAR Z nerves at risk.
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postoperative hypocalcemia was higher for reoperations
than for first interventions in both periods: 27.3% for
reoperations versus 14.8% for first intervention in Group 1
and 25.0% versus 20.8%, respectively, in Group 2.
Of all recurrent goiter patients, 23 underwent subtotal
resection and 27 underwent bilateral resection. Eight pa-
tients (34.78%) developed hypoparathyroidism after uni-
lateral resection and five patients (18.51%) did so after
bilateral resection.
3.4. Postoperative detection of cancer
Postoperative histology revealed thyroid cancer in 193 of
1466 surgically treated patients, which corresponds to a
thyroid cancer rate of 13.2% in our patient population
(Table 5). The rate of reoperations for cancer was 43.4% for
Group 1 and 52.1% for Group 2, which was not statistically
significant.Table 5 Sequential analysisdpostoperative detection of
cancer.
Group 1
(1996e2002)
Group 2
(2003e2012)
p
N 94 99
All operated lobes 189 194
Lobectomies 146 (77.2%) 183 (94.3%)
Subtotal lobectomies 43 (22.8) 11 (5.7%)
Necessary reoperation 49 (52.1%) 43 (43.4%) 0.182
Recurrent laryngeal
nerve damage
% NAR
Reduced vocal cord
mobility, all lobes
6.3 6.2 0.892
Vocal cord paralysis,
all lobes
0 0.5 0.971
Hypoparathyroidism % of
patients
Total 27.6 29.3 0.668
The overall rate is given for hypocalcemia.
NAR Z nerves at risk.
nce of change in surgical practice for benign thyroid disease on
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We carried out a retrospective analysis of our patients with
benign thyroid diseases to analyze the change in surgical
practice at our hospital over a period of 17 years. In the
period between 1996 and 2012, we observed a clear shift
from subtotal resections to lobectomies. To evaluate the
postoperative complications depending on this change over
time, the total patient population was divided into two
groups: Group 1, which consisted of patients who under-
went surgery from 1996 to 2002, and Group 2, which con-
sisted of patients who underwent surgery from 2003 to
2012. This analysis revealed a lower incidence of reduced
vocal cord mobility and paralysis in Group 2 (2003e2012)
regardless of whether subtotal or total resections were
performed, although the difference was not significant. The
rate of reduced vocal cord mobility and paralysis did not
show a difference between our patients with subtotal re-
sections or those with lobectomies independent of the
year. In this analysis, we only examined the vocal cord
function with the laryngoscopy findings on the 2nd or 3rd
postoperative day. Postoperative hypocalcemia occurred
significantly more often in Group 2 in patients who received
a bilateral resection, probably because 74.4% of the thyroid
lobes were resected as lobectomies. Compared with Group
1, the rate of lobectomies was higher in Group 2. There
were no differences in other postoperative complications
(bleeding, hematoma, and wound infections with surgical
intervention), and only the rate for wound infections
without surgical interventions showed a significant differ-
ence between both groups also for bilateral resections.
Between 1996 and 2012, 50 patients with recurrent goiter
were operated on in our hospital. The rate of lobectomies
was significantly higher in these patients between 2003 and
2012, and the rate of vocal cord dysfunctions in post-
operative laryngoscopy was also higher in this period. The
thyroid cancer rate was 13.2% in our patient population.
The rate of necessary reoperations showed no significant
difference between Groups 1 and 2.
Our data confirm that the shift from subtotal resections
to lobectomies does not come along with a higher rate of
postoperative vocal cord paralyses; however, postoperative
hypocalcemia occurred significantly more often in the
group with a higher rate of lobectomies, particularly for
bilateral resections. Thomusch et al3 published a prospec-
tive quality assurance study of 45 hospitals offering
different levels of care. It could be demonstrated that the
rate of postoperative vocal cord paralysis and post-
operative hypoparathyroidism is particularly influenced by
the surgical technique. The exposure of the nerves and at
least two parathyroid glands increase the rate of post-
operative vocal cord paralysis. Surgeon’s experience and
the number of thyroid resections performed at the hospital
play a secondary role. This suggests that nerve injuries
cannot be solely attributed to the extent of resection; the
awareness of the surgeon, who visually exposes nerves
during lobectomy, also plays an important role. Our study
does not reveal how many of our patients with pathological
findings at postoperative laryngoscopy have sustained per-
manent vocal cord paralysis. Other authors have demon-
strated the influence of the extent of surgical resection onPlease cite this article in press as: Kunz-Zurbuchen U, et al., Influe
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j.asjsur.2016.07.015the rates of postoperative hypoparathyroidism. The multi-
variate analysis performed by Thomusch et al11 in 5195
patients identified the extent of resection as the most
important independent risk factor for the occurrence of
postoperative hypoparathyroidism. Our data for post-
operative hypocalcemia suggest these findings.
In the current literature, thyroid cancer has an inci-
dence of up to 16.6% in patients with goiter.12e14 Thyroid
carcinoma was diagnosed in 13.2% of our patients. The
problem posed by the detection of cancer is that comple-
tion thyroidectomy may be necessary. Completion thy-
roidectomy was necessary in 43.4% in 2003e2012. It was
required less often in 1996e2002. However, the increased
number of total resections did not significantly reduce the
number of necessary completed thyroidectomies. In
contrast to our data, Barczynski et al15 demonstrated that
thyroidectomized patients diagnosed with cancer required
significantly fewer reoperations than those who underwent
bilateral subtotal resection. Moreover, Tezelman et al,14 in
their retrospective patient population with an incidence of
7.2% for incidental thyroid carcinoma, showed that subtotal
thyroidectomy resulted in a significantly higher rate of
completed thyroidectomies.
More than 95% of the patients in our study were operated
on by experienced surgeons. A current interesting retro-
spective comparative multicenter study from Italy showed
that thyroidectomies in 8908 patients were performed by
attending surgeons in 79.6% in 10 European endocrine units.
Compared to thyroidectomies performed by junior or senior
resident surgeons over time, the duration of drain, length of
hospitalization, and overall postoperative morbidity were
significantly higher than when the operation was performed
by attending surgeons. No differences were found for
recurrent laryngeal nerve palsy, hypoparathyroidism, and
surgical complications.16 The authors presume that thy-
roidectomies can be safely performed by resident surgeons
if correctly supervised. This study and our data, however,
also show that thyroidectomies are routinely performed by
experienced surgeons in daily clinical practice.
The limitations of our study are that we performed a
retrospective single-center analysis. We can only present
the direct postoperative findings at laryngoscopy to eval-
uate the vocal cord function. However, these data were
collected very precisely for every patient. We also
collected data from patients with a reduced vocal cord
mobility. In most studies only the data for nerve paralysis
are presented. The literature often indicates the vocal cord
functions 6 or 12 months after the operation. Minni et al17
reported that vocal cord dysfunctions after thyroidec-
tomies can persist over time, although voice quality only
shows mild alterations. A randomized trial with 600 pa-
tients showed that most directly postoperative detected
recurrent laryngeal nerve injuries are transient. In this
trial, the rate for thyroidectomies changed from 5.49% to
1.05% and that for subtotal resections changed from 2.1% to
0.53% after 12 months.18 A current Cochrane Review
confirmed these results.19 We assume that some of the
patients with vocal cord damage in our study population
had a normal vocal cord function after 12 months, even
though we have not performed follow-up examinations in
our patients with vocal cord paralysis. The vocal cordnce of change in surgical practice for benign thyroid disease on
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numerous factors including vocal cord edema, inflammation
caused by orotracheal intubation, prelaryngeal strap mus-
cle dysfunction, laryngotracheal fixity, and scars that
impair laryngeal elevation.20,21 The data for hypocalcemia
were collected directly postoperatively in such a way that
our study cannot distinguish between transient and per-
manent hypocalcemia. It is known that only few patients
have permanent hypocalcemia after thyroidectomy.22
The shift from subtotal resections to lobectomies is
attended by comparable rates of vocal cord paralysis
attested by postoperative laryngoscopies. Furthermore, the
increasing rate of lobectomies leads to significantly higher
rates of postoperative hypoparathyroidism after bilateral
treatments. All in all, the literature explained the conver-
sion from subtotal resections to thyroidectomies in the
number of recurrence of goiter after surgery. A current
Cochrane Database Systematic Review19 identified three
trials18,23,24 with 1057 participants that dealt with the
recurrence rate of goiter after thyroid gland operations.
Goiters recurred in 0.2% after total thyroidectomies
compared to 8.4% after subtotal thyroidectomies, even
though the rate of reintervention due to goiter recurrence
is comparable after total thyroidectomies with 0.5% and
subtotal thyroidectomies with 0.8%.18
5. Conclusion
Our single-center study involving more than 1400 patients
shows the influence of change in surgical practice for
benign thyroid disease on postsurgical outcome. The shift
from subtotal resections to lobectomies is accompanied by
comparable rates of vocal cord paralysis in postoperative
laryngoscopy. But the increase in the number of lobec-
tomies leads to significantly higher rates of postoperative
hypocalcemia in bilateral procedures.
For recurrent goiter as well in our observation period of
17 years, there appeared to be a shift from subtotal reop-
eration to lobectomies. In our study population, this
resulted in a significant increase in the rate of recurrent
laryngeal nerve damages. The rate of hypoparathyroidism
was higher in reoperations for recurrent goiter compared
with primary operations regardless of whether subtotal
treatment or lobectomy was performed. The rate of
necessary completion thyroidectomies for thyroid cancer
showed no differences between subtotal operations and
lobectomies.
In summary, thyroidectomy did not necessarily improve
the outcome in comparison to subtotal resections, showing
equal results in terms of recurrent laryngeal nerve damage
as well as surgical complications, but a higher rate of
postoperative hypoparathyroidism. Therefore, surgeons
should always carefully choose the appropriate surgical
procedure for every patient on a case-by-case basis by
weighing the potential operative risk.
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